Introduction {#s1}
============

Conduct disorder (CD) is a psychiatric disorder that emerges during childhood or adolescence. It presents repetitive and chronic aggressive and antisocial behavior in which the basic rights of others or major age appropriate norms or rules of society are violated (APA, [@B1]). CD has been reported to occur in about 16% of preadolescents (Olsson, [@B36]; Jiang et al., [@B29]; Zhang et al., [@B55]), and may co-exist with other disorders, such as attention-deficit/hyperactivity disorder (ADHD) (Rubia, [@B40]), oppositional-defiant disorder (Loeber et al., [@B32]), and substance abuse (Whitmore et al., [@B51]). Aggressive and antisocial behavior displayed by children with CD might reflect atypical empathic responses to others\' suffering (Blair, [@B5]), several behavioral studies have reported findings suggesting that CD youth may be deficient in empathy (Cohen and Strayer, [@B10]; Blair et al., [@B3]; Blair, [@B5]; Wied et al., [@B52]; Schwenck et al., [@B45]).

Empathy is an ability to understand and resonate the affective experience of others (Preston and De Waal, [@B37]; Singer and Lamm, [@B50]; Bernhardt and Singer, [@B2]). According to empathy duality model (Shamay-Tsoory et al., [@B49]; Shamay-Tsoory, [@B47], [@B48]; Raz et al., [@B38]), empathy is constructed with two separate systems, one is the affective empathy, and the other is cognitive empathy (Shamay-Tsoory, [@B48]). The affective empathy is defined as a bottom-up automated process associated with sharing the bodily states of others and is linked to a set of brain regions, including the inferior frontal gyrus, a cortical area that is involved with the mirror neuron system (Rizzolatti, [@B39]), as well as the anterior insula and the middle anterior cingulate cortex (ACC). The cognitive empathy (Shamay-Tsoory, [@B48]) is defined as a more top-down system that allows the making of inferences regarding the mental states of others. It has been associated with various brain regions, including the ventral and dorsal medial prefrontal cortex, the superior temporal sulcus, precuneus, and temporoparietal junction (TPJ). Although both affective empathy and cognitive empathy may operate partly autonomously, it is likely that every empathic response will evoke both kinds of empathy to some extent, depending on the social context (Shamay-Tsoory, [@B47]). Empathy plays an important role in inhibiting aggression and promoting prosocial behavior (Decety and Jackson, [@B13]; Eisenberg et al., [@B19]) and a lack of empathy may be an important precipitating factor of conduct problems(CP) (Decety et al., [@B17]). Therefore, it is important to determine whether adolescents with CD exhibit atypical empathic neural responses.

To explore the neural mechanism of empathy, about two kinds of paradigm have been developed in previous studies (Lamm et al., [@B30]): one is the cue-based paradigm, which used abstract visual symbols (cues) of different colors indicated whether the target person him/herself would receive electrical stimulation and whether this stimulation would be painful or not; and the other is picture-based paradigm, which used the visual displays depicting the target persons in emotional situations as experimental stimuli.

To the best of our knowledge, only few functional magnetic resonance imaging (fMRI) studies have explored the atypical neural substrate of empathy in children with CP, and their results were not consistent with each other (Decety et al., [@B17]; Sebastian et al., [@B46]; Lockwood et al., [@B31]; Schwenck et al., [@B44]). Decety et al. ([@B17]) found that, adolescents with aggressive CD showed increased neural responses to other\'s pain in several regions including the insula, midcingulate cortex (a division of the ACC), striatum, temporal pole, and amygdala in relation to healthy controls (HCs). Sebastian et al. ([@B46]) found that children with CP showed hypoactivity in amygdala and anterior insula in a complex affective processing task including an empathy component. Lockwood et al. ([@B31]) found that children with CP showed reduced empathic responses to others\' pain in bilateral anterior insula, ACC, and inferior frontal gyrus using a region of interest (ROI) analysis. More recently, Schwenck et al. ([@B44]) found that adolescents with CP didn\'t show neural activation in affective empathy network while observing others winning or losing a gambling task. Despite the differences between the imaging findings of these studies, all suggested that adolescents with CD exhibited atypical empathic responses relative to HCs.

Notably, the aforementioned fMRI studies had several limitations. On the one hand, the samples recruited in the previous studies either have comorbidities with ADHD (Decety et al., [@B17]; Schwenck et al., [@B44]), or lack definite diagnoses of CD (Whitmore et al., [@B51]; Sebastian et al., [@B46]; Lockwood et al., [@B31]). Therefore, the conclusions of these studies may not generalize to the broader population of adolescents with CD. Besides, the sample size of previous studies were relatively small. To attain a clear view of the empathic neural responses of CD adolescents, a large sample of "pure" CD adolescents that with definite diagnoses and without comorbidities, especially ADHD, should be recruited. On the other hand, the results of previous studies (Decety et al., [@B17]; Sebastian et al., [@B46]; Lockwood et al., [@B31]; Schwenck et al., [@B44]) were inconsistent. This inconsistency might be due to the heterogeneity of the samples and distinct principal type of empathy evoked in the fMRI study.

Every empathic responses may evoke both the affective empathy and cognitive empathy to some extent, depending on the social context (Shamay-Tsoory, [@B47]). Generally, the paradigm of participants without being aware of the goal of experiments mainly evoked the neural responses of affective empathy (Fan et al., [@B20]), and the paradigm requiring explicit imagination or evaluation of feelings mainly evoked the cognitive empathy (Fan et al., [@B20]). According to this, most of previous related studies might mainly investigate the affective empathy. However, the social context are far complicated in the reality life, so these two kinds of empathy are usually evoked to a large extent, and several studies (Shamay-Tsoory, [@B48]; Raz et al., [@B38]) have addressed that the cognitive empathy and affective empathy have dynamic functional integration. Hence, it is meaningful to investigate the empathic neural responses in CD group with a task evoking both the affective empathy and cognitive empathy.

Based on the above descriptions, we recruited a large sample of CD adolescents without comorbidities to test whether there were differences in cognitive and affective empathic responses between adolescents with "pure" CD and HCs. For this purpose, a well-established pain-judgment empathy task (Han et al., [@B27], [@B28]; Xu et al., [@B53]) with explicit evaluation of feelings was used. Electrophysiological studies (Fan and Han, [@B21]) have proved that the pain-judgment task could elicit both the early affective empathy and late cognitive empathy. Although fMRI studies failed to distinguish this two kinds of empathy with a pain-judgment task because of the low temporal resolution of blood oxygen dependent (BOLD) signals, the high spatial resolution of MRI provided a possibility to test whether there were atypical empathic responses in regions associated with affective empathy and cognitive empathy in CD group. Only males were recruited because of its higher prevalence rate of conduct disorders among adolescents(Loeber et al., [@B32]) and lower empathic ability in relative to females(Rueckert and Naybar, [@B42]; Derntl et al., [@B18]; Christov-Moore et al., [@B9]). We hypothesized that there would be atypical affective and cognitive empathic responses in the "pure" CD group compared to the HC group.

Material and methods {#s2}
====================

Samples
-------

The CD group consisted of 30 male adolescents who were recruited from out-patient clinics affiliated with the Second Xiangya Hospital of Central South University (Changsha, Hunan, China). The HCs included 36 healthy age- and intelligence quotient (IQ)-matched male adolescents who were selected randomly from local middle schools in the same region. The Wechsler Intelligence Scale for Children (Gong and Cai, [@B26]) was applied to measure IQ. All 66 participants were right-handed according to the Ediburgh Handedness Inventory (Oldfield, [@B35]). The present study was approved by each school\'s administration and the Ethics Committee of the Second Xiangya Hospital of Central South University. All participants and their parents were informed of the purpose of this study and provided written informed consent to be involved in the study.

The Structured Clinical Interview for DSM-IV-TR Axis I Disorders-Patient Edition (SCID-I/P) (First et al., [@B22]) was administered to all participants by two well-trained psychiatrists. All participants in the CD group were confirmed to fulfill the DSM-IV-TR criteria for CD (APA, [@B1]). Information was collected from each patients and at least one corresponding parent to improve the reliability of the diagnostic interview. A psychiatrist made the final decision if the information provided by a patient and his parents was inconsistent. None of the HCs met the criteria for CD or any other psychiatric disorders, or had history of CD symptoms or aggression. All participants had normal or normal-corrected vision. Participants were excluded from the study if they reported any following exclusion criteria: a history of ADHD, oppositional-defiant disorder, or any psychiatric or emotional disorder; diagnosis of any pervasive developmental or chronic neurological disorder, Tourette syndrome, post-traumatic stress disorder, or obsessive compulsive disorder; persistent headaches; head trauma; a history of alcohol or substance abuse over the past year; contraindications to fMRI; or an IQ ≤ 80.

Stimuli and procedure
---------------------

The stimuli consisted of 24 video clips, each shown for 3 s, showing faces of six Chinese actors (3 males; 4 video clips of each actors). Half of the clips (2/4 of each actors) depicted a face with a neutral expression receiving non-painful stimulation (a Q-tip touch) and half (the other 2/4 of each actor) showed a face with a painful expression receiving painful stimulation (needle penetration) applied to the left or right cheek (half each side, order random). Participants were instructed to judge whether or not the actor was feeling pain by pressing a button with the right index (yes pain) or middle (no pain) finger. They could press the button in the duration of video clips or the interval of two successive video clips in each trail. Three 300-s functional scans were obtained from each subject. Each scan consisted of all 24 video clips, in this way, each video clip were shown 3 times. The inter-stimulus interval between successive clips was random (7, 8, 9, 10, and 11 s) during which participants fixated on a central cross. The 24 inter-stimulus interval of each scan included 5 interval of 7 s, 5 interval of 8 s, 4 interval of 9 s, 5 interval of 10 s, and 5 interval of 11 s. The last clip in each scan was followed by a 12-s fixation period.

After the scanning procedure, participants were shown 36 video clips again and asked to rate the pain intensity felt by the actor ("how much pain do you think the actor is feeling?") using a Likert--type scale where 0 indicated no pain and 10 indicated maximal possible pain intensity (i.e., extremely painful). Participants performed these evaluations outside the scanner so that their empathic responses during scanning were not affected by these evaluation processes. The 36 video clips included 12 faces with a neutral expression receiving non-painful stimulation, 12 faces with a painful expression receiving painful stimulation, and 12 faces with a neutral expression receiving painful stimulation. Among them, the faces with a neutral expression receiving non-painful stimulation and faces with a painful expression receiving painful stimulation have been previously used in the fMRI task. On the one hand, the post-scanning procedure was aimed to test whether the painful and non-painful condition could be distinguished, on the other hand, this procedure was designed to assess the subjective feelings of anothers\' pain.

Self-reporting assessments
--------------------------

All participants completed the Interpersonal Reactivity Index Scale (IRI) (Davis, [@B11], [@B12]), an instrument that assesses trait empathy. The strengths and difficulties questionnaire (SDQ) (Yao et al., [@B54]) was used to detect tendencies for internalization and externalization of problems. In addition, the Chinese version of Buss-Perry Aggression Questionnaire (AQCV) (Buss and Perry, [@B6]) was used as a quantitative index of aggressive tendencies. Callous-unemotional (CU) traits were evaluated with the Antisocial Process Screening Device (APSD) (Frick and Hare, [@B23]).

Neuroimaging methods
--------------------

### Imaging acquisition and preprocessing

All fMRI data (repetition time/echo time = 2000/30 ms, slice thickness = 4 mm, number of slices = 32, matrix size = 64 × 64, field of view = 240 × 240 mm, flip angle = 90°) were acquired during the task using a SIEMENS Skyra 3.0-T whole body scanner at The Second Xiangya Hospital. SPM8 software (Statistical Parametric Mapping, the Welcome Trust Centre for Neuroimaging, London, UK) was used for fMRI data processing. The following steps were included: (1) slicing timing with the 1st slice as a reference; (2) head motion correction; (3) normalization to a Montreal Neurological Institute template at a voxel size of 3 × 3 × 3 mm; (4) smoothing with a 6-mm full-width at half maximum Gaussian kernel. Participants who exhibited head motion exceeding 3 mm of translation or 3° of rotation in any direction were excluded.

### Statistical analysis

A general linear model was used to model subject specific responses. All six movement parameters (translation; x, y, z; rotation: pitch, roll, yaw) were included in the statistical model. In the first-level (within-group) analyses, "pain \> non-pain" contrast was determined, enabling identification of brain regions that were activated or deactivated when participants try to inhibit responses to the pain depicted in the picture. The resulting contrast images were submitted to second-level (between-subject) analysis. One-sample *t*-tests were used to reveal brain activation within each group, and two-sample *t*-tests were performed to detect group differences in brain activation. Finally, both the within-group and between-subject analysis were corrected for multiple comparisons using the false discovery rate (FDR) correction at *p* \< 0.05, *k* \> 10.

Correlation analyses were conducted to detect correlations between behavioral performance and activation in regions showing significant between-group differences. For the present study, the ROIs of bilateral TPJ were defined as a sphere with a 6-mm radius centered at *x*/*y*/*z* = 39/−60/42 and *x*/*y*/*z* = −33/−60/39 (MNI coordinates) according to the results of our between-group analysis. We used the Marsbar (Matthew Brett et al., [@B33]) to calculate the contrast values of signal intensity in association with the painful and non-painful stimulation images, which reflect the activation intensity of the ROI. Correlations between TPJ activation and behavioral data (total and subscores of IRI, subscores of CP and subscores of CU traits) were performed using SPSS 18.0 in CD and HC group, respectively.

Results {#s3}
=======

Demographic and behavioral data
-------------------------------

The demographics and psychiatric characteristics for the CD group and HC group are reported in Table [1](#T1){ref-type="table"}. Age and IQ did not differ significantly between the two groups (both *p* \> 0.05). Relative to the HC group, the CD group had a significantly higher AQCV total score (i.e., aggression index) (*t* = 5.67, *p* \< 0.001) and SDQ CP trait score (*t* = 3.93, *p* \< 0.001) and also had a significantly lower IRI (empathy index) total score (*t* = −2.93, *p* = 0.005) and IRI empathetic concern (*t* = −3.296, *p* = 0.002) and perspective taking subscores (*t* = −2.95, *p* = 0.005). The APSD scores revealed no significant different in CU traits between the two groups. Besides, the two groups also did not differ in terms of reaction time (*t* = 1.05, *p* \> 0.05). Pain intensity rating scores were higher for painful (needle penetration with painful expressions) than non-painful (Q-tip touch) stimuli \[6.36 ± 2.14 vs. 0.54 ± 0.86, *t*~(130)~ = 20.49, *p* \< 0.001\], and there were no significant differences between the CD group and HC group in pain intensity rating scores.

###### 

**Demographic and behavioral characteristics of the study cohort**.

  **Characteristic**                  **CD adolescents (*N* = 30)**   **HCs (*N* = 36)**   ***p***
  ----------------------------------- ------------------------------- -------------------- ---------
  Age (years)                         15.07 (0.52)                    15.28 (0.45)         0.08
  IQ                                  105.71 (3.51)                   107.17 (3.22)        0.08
  Painful condition (painful faces)   6.28 (2.09)                     6.42 (2.21)          0.78
  Painful condition (neutral faces)   3.71 (2.30)                     4.04 (2.18)          0.55
  Non-painful condition               0.49 (0.68)                     0.59 (1.00)          0.63
  RTs (ms)                            1961.21 (709.14)                1899.86 (599.88)     0.29
  IRI total                           21.20 (3.09)                    23.13 (2.24)         0.005
  IRI-Empathic concern                21.31 (3.52)                    24.28 (3.74)         0.002
  IRI-Perspective-taking              19.98 (4.50)                    22.92 (3.60)         0.005
  IRI-Personal distress               21.18 (3.31)                    21.75 (5.15)         0.59
  IRI-Fantasy                         22.34 (5.04)                    23.59 (4.30)         0.28
  AQCV total                          90.30 (20.21)                   64.39 (16.89)        \<0.001
  SDQ-conduct problems                4.02 (1.96)                     2.36 (1.46)          \<0.001
  APSD-callous unemotional            5.93 (2.18)                     5.39 (1.79)          0.27

*CD, conduct disorder; HCs, healthy controls; RT, reaction time; IRI, Interpersonal Reactivity Index Scale; AQCV, Buss-Perry Aggression Questionnaire; SDQ, Strengths and Difficulties questionnaire; APSD, Antisocial Process Screening Device*.

Imaging results
---------------

### Group comparison across conditions

Group-level whole-brain analysis of condition (painful vs. non-painful image) main-effect results are reported in Table [2](#T2){ref-type="table"} and Figure [1](#F1){ref-type="fig"}. Relative to the non-painful image condition, in the HCs, the right post/midcingulate cortex, right insula, right precuneus, bilateral inferior parietal lobule, right supramarginal gyrus, right superior frontal gyrus, bilateral middle frontal gyrus, right precentral gyrus, right fusiform gyrus, right middle temporal gyrus, and right superior temporal gyrus were significantly activated in the painful image condition (FDR correction, *p* \< 0.05, *k* \> 10 vs. non-pain images). In the CD group, the left midcingulate gyrus, left insula, left precentral gyrus, and left superior temporal gyrus were significantly activated in the painful image stimulation (FDR correction, *p* \< 0.05, *k* \> 10 vs. non-pain images).

###### 

**Activations differing between painful and non-painful images**.

  **Location**               **Side**   **BA**   **MNI coordinates**   **Cluster size**   ***t*****-value**         
  -------------------------- ---------- -------- --------------------- ------------------ ------------------- ----- ------
  **HC GROUP**                                                                                                      
  Post/midcingulate cortex   R          31       12                    −39                30                  145   8.68
  Insula                     R          13       36                    −33                18                  45    5.07
  Precuneus                  R          7        6                     −60                42                  517   8.30
  Inferior parietal lobule   R                   42                    −63                39                  314   8.34
                             L                   −33                   −60                39                  324   6.00
  Supramarginal gyrus        R                   39                    −54                27                  46    6.77
  Superior frontal gyrus     R                   30                    15                 54                  185   7.01
  Middle frontal gyrus       R          8        27                    30                 51                  389   5.6
                             L                   −24                   54                 9                   74    5.62
  Precentral gyrus           R                   60                    −3                 30                  100   6.00
  Fusiform gyrus             R          20       54                    −30                −24                 112   5.21
  Middle temporal gyrus      R                   60                    −45                −9                  59    5.02
  Superior temporal gyrus    R          13       42                    −45                18                  159   5.27
  **CD GROUP**                                                                                                      
  Midcingulate gyrus         L          24       −9                    0                  42                  118   6.22
  Insula                     L                   −40                   −30                18                  39    5.40
  Precentral gyrus           L                   −27                   −21                51                  347   7.00
  Superior temporal gyrus    L                   −57                   −6                 0                   27    5.13

*BA, Brodmann area; MNI, Montreal Neurological Institute; CD, conduct disorder; HCs, healthy controls. All p \< 0.05, false discovery rate corrected, k \> 10*.

![**Activation maps of painful image vs. non-painful image condition in adolescents with CD (***N*** = 30) and HCs (***N*** = 36)**. Relative to the non-painful image condition, in the HCs, the post/midcingulate cortex, insula, precuneus, inferior parietal lobule, supramarginal gyrus, superior frontal gyrus, middle frontal gyrus, precentral gyrus, fusiform gyrus, middle temporal gyrus, and superior temporal gyrus were significantly activated in the painful image condition. In the CD group, the midcingulate gyrus, insula, precentral gyrus, and superior temporal gyrus were significantly activated in the painful image stimulation.Significance was determined by one-sample *t*-tests; significance level was set to *p* \< 0.05 (false discovery rate corrected). Color bar signifies *t*-values. L, left; R, right; CD, conduct disorder, HCs, healthy controls.](fpsyg-07-02085-g0001){#F1}

### Between-group analysis

The CD group showed significantly reduced activation in the bilateral TPJ (FDR correction, *p* \< 0.05, *k* \> 10 vs. HCs) in relative to the HC group. The detailed results of the between-group analysis are reported in Table [3](#T3){ref-type="table"} and Figure [2](#F2){ref-type="fig"}.

###### 

**Reduced TPJ activation in painful image condition, relative to non-painful image condition, in CD adolescents compared to HCs**.

  **TPJ side**   **BA**   **MNI coordinates**   **Cluster size**   ***t*****-value**        
  -------------- -------- --------------------- ------------------ ------------------- ---- ------
  R              39/40    39                    −60                42                  90   4.54
  L              39       −33                   −60                39                  40   4.51

*CD, conduct disorder; HCs, healthy controls; BA, Brodmann area; MNI, Montreal Neurological Institute. All p \< 0.05, false discovery rate corrected, k \> 10*.

![**Brain regions that exhibited reduced activation in adolescents with CD compared to HCs**. The CD group showed significantly reduced activation in the bilateral TPJ. Significance was determined by two-sample *t*-tests; significance level was set to *p* \< 0.05 (false discovery rate corrected). Color bar signifies *t*-values. TPJ, temporoparietal junction.](fpsyg-07-02085-g0002){#F2}

### Correlation analysis results

No significant correlation results were detected between empathic response magnitude in the bilateral TPJ and subjective ratings of CP, CU traits, or empathy.

Discussion {#s4}
==========

To our knowledge, this is the first study to investigate the neural substrate of affective and cognitive empathy in a large sample of adolescents with "pure" CD. Both the regions associated with affective empathy (insula and midcingulate gyrus) and regions associated with cognitive empathy (postcingulate gyrus, precuneus, and TPJ) were activated in the HC group while viewing painful stimulation images, relative to non-painful stimulation images. Relative to HCs, the CD group exhibited dampened hemodynamic empathic responses in the bilateral TPJ, a region associated with cognitive empathy. However, we did not observe group differences in regions associated with affective empathy, including the anterior insula, inferior frontal gyrus, and middle ACC.

Interestingly, we observed reduced hemodynamic responses in the TPJ in adolescents with CD, a finding that has not been reported previously. One study (Sebastian et al., [@B46]) exploring the affective theory of mind (cognitive empathy) in children with CP suggested that the children with CP showed hypoactivity in amygdala and anterior insula. To our knowledge, this inconsistence might because of the differences of samples, in that study, common comorbidities (ADHD, general anxiety disorder, depression and substance abuse) were not used as exclusion criteria (Decety and Lamm, [@B14]; Sebastian et al., [@B46]). In other related studies (Decety et al., [@B17]; Lockwood et al., [@B31]; Schwenck et al., [@B44]), tasks evoking affective empathy were used to explore the neural substrate of empathy, the participants either observed video clips of body parts being harmed passively or performed a distraction task, in a more recently study (Schwenck et al., [@B44]), a gambling task which was frequently used to assess affective empathy were recruited. Hence, these prior studies may have been mainly exploring bottom-up affective empathy but not top-down cognitive empathy. Previously, cognitive empathy has been associated with several brain regions, including ventral and dorsal aspects of the medial prefrontal cortex, superior temporal sulcus, precuneus, and TPJ (Shamay-Tsoory, [@B48]; Raz et al., [@B38]).

The TPJ is a region encompassing the supramarginal gyrus, caudal parts of the superior temporal gyrus, and dorsal-rostral parts of the occipital gyri. It is a heteromodal association cortex, which integrates input from the lateral and posterior thalamus, as well as visual, auditory, somaesthetic, and limbic area (Decety and Lamm, [@B15]). The TPJ has often been considered to be involved with cognitive empathy (Shamay-Tsoory et al., [@B49]; Shamay-Tsoory, [@B47], [@B48]; Raz et al., [@B38]), this is, the making of inferences regarding the mental state of others (Shamay-Tsoory, [@B48]; Raz et al., [@B38]). Some studies have suggested that the TPJ may be related to the perception process of socially related cues that communicate the mental states of others (Frith and Frith, [@B25]; Decety and Lamm, [@B14], [@B15]), while other studies have suggested that the TPJ may be important for making inferences about others\' beliefs and distinguishing the self from others (Ruby and Decety, [@B41]; Singer and Lamm, [@B50]; Cheng et al., [@B7]; Shamay-Tsoory, [@B47]). Altogether, the TPJ seems to be a component of a neural network which allows for the mental separation of one\'s own perspective from that of others, thus enabling us to detangle our own feelings from those observed from others (Schulte-Rüther et al., [@B43]). The reduced TPJ activation observed in our CD group might reflect the adolescents with CD having a deficiency in inferring others\' mental states, which would fit well previously reported CD-related behavioral findings (Cohen and Strayer, [@B10]; Blair et al., [@B3]), as well as with the present study behavioral data. However, distinct empathic neural responses in TPJ between two groups didn\'t necessarily result in different conscious subjective ratings of others\' pain intensity, as indicated by measures of subjective ratings in current work. This might reflect that the empathy-related TPJ activity observed here was unconscious responses.

Significant distinct hemodynamic responses have been observed in children with CP during pain-related processing in regions associated with affective empathy in previous studies, including the inferior frontal gyrus, anterior insula, and the middle ACC. Lockwood et al. ([@B31]) found reduced activation of the ACC, anterior insula, and inferior frontal gyrus in children with CP. Decety et al. ([@B17]) found increased empathy-associated responses in anterior midcingulate cortex, right middle cingulate cortex, and middle insula in adolescents with aggressive CD (*p* \< 0.005, uncorrected). Sebastian et al. ([@B46]) found the children with CP showed reduced empathic responses in anterior insula and amygdala, and Schwenck et al. ([@B44]) found that the brain regions associated with affective empathy weren\'t activated in boys with CP in a gambling task. However, in the present study, the adolescents with "pure" CD did not exhibit activation different from that observed in HCs in brain regions associated with affective empathy. Their relatively low CU trait scores might account for this negative finding in our study.

Indeed, we did not find any significant differences in CU traits between the CD group and HCs. When Cheng et al. ([@B8]) compared electrophysiological responses between CD youth with high vs. low CU traits, they found that only the central late positive potential, which reflects a late cognitive evaluation component (Fan and Han, [@B21]; Decety and Michalska, [@B16]), was reduced in the low-CU group, whereas both the late positive potential and the frontal N120 component, which is associated with early affective arousal (Fan and Han, [@B21]; Decety and Michalska, [@B16]), were reduced in the high-CU group. The findings of Cheng et al.\'s study suggest that individuals with low CU traits might have a selective cognitive empathy deficiency. Our results support this inference to some extent. Although the CU trait scores of the CD adolescents in our study were similar to those of HCs, their scores were quite variable indicating that our CD group was heterogeneous with respect to CU traits. The neural substrate in CD adolescents with low CU traits needs to be investigated further. Several studies have illustrated us that CU traits do not necessarily accompany CD (Blair et al., [@B4]; Frick and Dickens, [@B24]). Rather, CU traits *per se* have been related to empathic responses in brain regions associated with affective empathy (Lockwood et al., [@B31]; Michalska et al., [@B34]). Hence, CU traits should perhaps be taken into consideration in future studies of CD.

There are several potential limitations of this work that should be mentioned. Firstly, the CU trait scores of our CD group were not treated as a variable due to the limited sample size. Secondly, our behavioral paradigm cannot be used to clarify CD-associated differences related to different components of empathy, such as emotional cognition, emotional perspective taking, and affective responsiveness (Decety and Jackson, [@B13]). A more detailed paradigm will be necessary to distinguish among the different aspects of empathy. Finally, the present cohort consisted only of males. Sex differences in the neural correlates of CD have been reported (Michalska et al., [@B34]). Therefore, the present results may not generalize to females.

In conclusion, the present research provides insights into the neural substrate of affective and cognitive empathy in adolescents with "pure" CD. Both brain regions associated with cognitive empathy and brain regions associated with affective empathy were activated in the HC group with a pain-judgment empathy task. The "pure" CD adolescents had dampened hemodynamic empathic responses in the bilateral TPJ, a region associated with cognitive empathy, suggesting that adolescents with "pure" CD might have a deficiency in cognitive empathy. Besides, atypical affective empathic responses were not observed in the CD group, which might result from the relatively low CU traits of our sample.
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